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Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 
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GAUGING PRACTICE FOR PLAIN WORKPIECES 

PART 1 INSPECTION OF PLAIN WORKPIECES 
WITH INDICATING MEASURING INSTRUMENTS 
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1 . Scope — Covers important characteristics involved in inspection of plain workpieces with indicating 
measuring instruments. 

2. Definitions Relating to Measurements 

2.1 True Size — The size of a dimension which would be obtained by a measurement without any 
errors. 

Note — The nearest value of the true size at a given position on the workpiece is the average of a great number of 
measurements carried out with the greatest possible accuracy. 

2.2 Error of Measurement — The algebraical difference between the measured size and the true size. 

Note — Errors of measurement may be caused especially by the measuring equipment the method of measurement 
the operator or the environmental conditions. 

Errors of measurement may be separated into systematic errors and random errors, defined as 
follows: 

a) . The systematic error remains the same during a single series of measurements and may 
theoretically be eliminated by a corresponding correction of the measurement result; 

b) On the contrary, random error variations are indefinite and may not be eliminated. The 
resulting measurement uncertainty for a single series of measurements Is represented by the 
standard deviation, as defined below, of the dispersion due to these errors. 

2.3 Systematic Error — The algebraical difference between the average of measured values and the 
true size, in a series of measurements of the size of a dimension, made at one position on the 
workpiece under the same experimental conditions. 

2.4 Random Error — The algebraical difference between the result of one individual measurement and 
the average of measured values, in a series of measurements made at one position on the workpiece 
under the same experimental conditions. 

2.6 Average — The arithmetic mean value (x) of a certain number (n) of values (xi, x a xn), 

2.6 Standard Deviation — A value representing the measuring uncertainty due to random error 
dispersion and estimated as the square root of the quotient of the sum of the squared differences of the 
individual results xi and of their average x by the number of measurements minus one: 

3. Types of Measuring Instruments — Measuring instruments may be divided into two main classes 
according to the way in which the measurement is carried out, either by comparison with a standard of 
length built into the instrument itself (for example, a micrometer screw as In a hand micrometer, or a 
linear scale as in a vernier calliper), or by means of a comparator, the size of the workpiece being 
determined by comparing its size with that of a reference gauge of closely the same size. 

4. Measuring Uncertainty of the Instrument — Any measuring instrument has its inherent error, 
independent of the part to be measured and of exterior conditions of measurement. 

This inherent error may be subdivided into a systematic error likely to be compensated by a 
correction, and a random error giving rise to dispersion. 

The random error is an irregular error the value of which cannot be estimated from one single 
reading but may be estimated as most probable from a number of successive readings. The frequency 
distribution of successive readings is close to a normal distribution, for which standardized tables are 
available allowing the determination of the percentage of readings within certain limits on both sides 
of the average reading (see Fig. 1). 
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NUMBER OF READINGS 



FIG. 1 NORMAL DISTRIBUTION CURVE OF INSTRUMENT READING 



However, it is not practical in the workshop to make the correction for suppressing the systematic 
error at each position (even if a curve of graduation errors has been plotted initially for each position 
of the measuring anvil) nor to carry out a sufficient number of readings at this position to deduce an 
average reading and thus suppress the random error. 

It is, therefore, preferable to assume that each reading is correct within some assumedly constant 
error margin in the whole range of measurement of the instrument. 

It is considered that for a very great number of measurements the systematic errors due to any 
basic elements of the instrument have an equal probability of being positive or negative and therefore 
these are considered as random errors. 

Their being considered simultaneously with true random errors results in enlarging the distribution 
curve which thus represents the inherent errors of the instrument. 

The corresponding error margin that is, the instrument measuring uncertainty may be experessed in 
terms of the standard deviation of this curve, as being equal to ±25; for a normal distribution, 9546 
percent of readings will not depart from the mean size (true value) by more than twice the standard 
deviation $. 

To obtain a representative value of the measuring uncertainty of a single design of instrument, It 
is necessary to test a complete lot of instruments generally in a laboratory: the values thus obtained 
represent the inherent uncertainty of the instruments. 

It is recommended that manufacturers should specify the uncertainty at ±2s In the directions or 
specifications for use of newly supplied instruments, and state whether the specified measuring uncer- 
tainty is that of the indicating head or of the complete equipment including the indicating head. 

6. Total Measuring Uncertainty — In order to be used in the workshop, the above-defined value of 
the inherent uncertainty of the instrument should be multiplied by a coefficient w taking into account 
the other systematic and random errors caused by the poorer environmental conditions in the workshop, 
and the inferior care, experience and ability of the operator. 

Hence, for the standard deviation : s m 
uncertainty. 



w$, the value of s m being the overall measuimg 



As a rule, w «- 2 may be chosen (a value greater than 2 would correspond to especially poor 
conditions, while a lesser value on the contrary correspond to exceptionally fine conditions, as for 
example, in a room having controlled constant temperature). 

6. Inspection Limits — Due to uncertainty of measurement, if workplace dimensions are very close 
to the prescribed limits, the user of the measuring instrument may run the risk of accepting workplaces 
outside the limits or of rejecting workplaces within these limits. 

To reduce this risk to a minimum, the inspection limits should be placed within the specified 
limits by a conventional amount s m , equal to the value of the standard deviation of the measuring 
process (see Fig. 2). 
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FIG. 2 RELATION BETWEEN TEST LIMITS AND LIMITS OF SIZE 

In consequence, in order not to reduce the manufacturing tolerance zone of the workpiece, the 
measuring instrument should be chosen so that the corresponding value of s m does not exceed a given 
maximum s m for each diameter and tolerance of a part. 

The standardized values of s m are given for guidance in Tables 1 and 2 for each grade and 
diameter range. 

7. Influence of Form Errors — If the usual type of measuring instrument having two diametrically 
opposed anvils is used it should be borne in mind that this inspection method satisfies the Taylor 
principle only for the minimum material limit (NO GO side of the workpiece). 

For this limit it Is enough to carry out the inspection at a sufficient number of positions on the 
workpiece. 

On the contrary, at the maximum material limit (GO side of the workpiece), two-point measure- 
ments even at several successive positions do not ensure, if the workpiece has form errors (especially 
lobing), that no point of the surface infringes the perfect inscribed or circumscribed cylinder specified 
In the Taylor principle. 

TABLE 1 VALUES OF * m ( f or < 600 mm ) 
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TABLE 2 VALUES OF t m ( for > WO mm ) 

( Omit* 6 ) 



Values of t m for Workplace Toleranoe Grade In \itn 
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EXPLANATORY NOTE 

IS : 3455-1971 Gauging practice for plain workplaces ( first revfs/on) dots not covtr Insptctlon 
of plain workplaces with indicating measuring Instruments. The commitee responsible for preparation 
of IS : 3465-1971 decided to publish this standard aa Part 1 to IS : 3455 to cover inspection of plain 
workplaces with indicating measuring Instruments. 

In preparation of thie standard considerable assistance has been derived from ISO/R 1938-1971 
'ISO system of limits and (its Part II Inspection of plain workplaces' published by the International 
Organization for Standardization (ISO). 
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AMENDMENT NO. 1 SEPTEMBER 1988 

TO 

13 s 3455 ( Part 1 )-198S GAUGING PRACTICE FOR 
PLAIN WORKPIECES 

PART 1 INSPECTION OF PLAIN WORKPIECES WITH 
INDICATIVE MEASURING INSTRUMENTS 

( Page 1, clause. 2.6, formula ) — Substitute the following for the 
existing formula: 



Vf ( *• - x )• 
El 



(BOG 43) 



Printed tt Nsw India Printing Prcni. Khut {*• India 



